Introduction and hypothesis Mindfulness-based stress reduction (MBSR) is a standardized meditation program that may be an effective therapy for interstitial cystitis/bladder pain syndrome (IC/BPS), a condition exacerbated by stress. The aims of this study were to explore whether MBSR improved IC/BPS symptoms and the feasibility/acceptability of MSBR among women with IC/BPS. Methods This randomized controlled trial included women with IC/BPS undergoing first-or second-line therapies. Women were randomized to continuation of usual care (UC) or an 8-week MBSR class + usual care (MBSR). Participants completed baseline and 8-week post-treatment questionnaires, including the O'Leary-Sant Symptom Problem Index (OSPI), the visual analog pain scale (VAS), the Short Form Health Survey (SF-12), the Female Sexual Function Index (FSFI), and the Pain Self-Efficacy Questionnaire (PSEQ). The Global Response Assessment (GRA) was completed posttreatment. Analyses were performed using Student's t test, Chi-squared, and MANOVA where appropriate. Results Eleven women were randomized to UC and 9 to MBSR, without differences in group characteristics. More MBSR participants' symptoms were improved on the GRA (7 out of 8 [87.5 %] vs 4 out of 11 [36.4 %], p = 0.03). The MBSR group showed greater improvement in the OSPI total (p = 0.0498) and problem scores (p = 0.036); the OSPI symptom score change did not differ. PSEQ scores improved in MBSR compared with UC (p = 0.035). VAS, SF-12, and FSFI change did not differ between groups. Eighty-six percent of MBSR participants felt more empowered to control symptoms, and all participants planned to continue MBSR. Conclusions This trial provides initial evidence that MBSR is a promising adjunctive therapy for IC/BPS. Its benefit may arise from patients' empowerment and ability to cope with symptoms.
Introduction
Interstitial cystitis/bladder pain syndrome (IC/BPS) is a chronic pain condition associated with significant morbidity. IC/ BPS comprises a symptom complex defined by the American Urological Association (AUA) as BAn unpleasant sensation (pain, pressure, discomfort) perceived to be related to the urinary bladder, associated with lower urinary tract symptoms of more than 6 weeks' duration, in the absence of infection or other identifiable causes [1] . Up to 11 % of women are affected by IC/BPS [2] , and the disorder may be significantly underdiagnosed [3] . Up to 43 % of patients with IC/ BPS require multimodal therapy, with an average of 7-12 yearly clinic visits at a cost of $9,000/patient per year. [4] Twenty percent of women report wage losses of > $4,000 per year [5] . The underlying pathophysiology of IC/BPS is poorly understood. Current theories include infectious agents, a defective glycosoaminoglycan layer of the urothelium that is permeable to toxic substances, structural abnormalities, neurogenic inflammation, increased neurological sensitivity, or an allergic response involving increased numbers of bladder mast cells [6, 7] . IC/BPS treatments involve trial and error of several therapies and often utilize multiple modalities [1, 8] . Treatment success ranges from 47 to 93 % for intravesical instillation to 21-64 % for oral therapies, with discontinuation rates up to 80 % owing to undesirable side effects [1] .
Mindfulness-based stress reduction (MBSR), a complementary alternative medicine (CAM)-based therapy, is a standardized program including components of meditation and yoga. The Interstitial Cystitis Association, a patient-led organization, sponsored a survey of 2,100 IC/BPS patients. They reported that 84 % had tried CAM therapy and 55 % reported that CAM therapy had been recommended by their physician [9] . According to a 2007 National Health Interview survey [10] , CAM is used by 38 % of adults in the USA. MBSR has been successfully employed to treat chronic pain syndromes and has been used in disorders such as multiple chemical sensitivity, chronic fatigue syndrome, fibromyalgia [11] , various pelvic floor disorders [12] , and irritable bowel syndrome (IBS) [13] . These disorders may coexist in patients with IC/BPS [6] . In IC/BPS, increased stress is positively correlated with increased pain [14] and up to 80 % of IC/ BPS patients noted in a survey that stress reduction decreased their symptoms [9] . MBSR has been reported to be efficacious in the treatment of urgency urinary incontinence, a urinary disorder closely related to IC/BPS [15] . Although MBSR has shown therapeutic benefit in pain disorders similar to IC/ BPS and has been reported to be helpful by IC/BPS sufferers, data from randomized clinical trials investigating the efficacy of MBSR for IC are lacking [9] . The objective of this research was to provide initial data to evaluate MBSR as a treatment for patients with IC/BPS.
Materials and methods
Patients with IC/BPS were recruited from the University of New Mexico (UNM) Urogynecology clinics. Participants were eligible to participate if they met AUA criteria for IC/ BPS of Ban unpleasant sensation (pain, pressure, discomfort) perceived to be related to the urinary bladder, associated with lower urinary tract symptoms of more than 6'weeks duration, in the absence of infection or other identifiable causes [1] , and had a minimum score of ≥8 on the O'Leary-Sant Symptom Problem Index (OSPI). The OSPI consists of symptom subscores ranging from 0 to 21 in addition to a problem sub-score ranging from 0 to 16, which evaluated the degree of bother from IC/BPS. These are combined for a total score, which adds the symptom and problem score (ranging from 0 to 37). Additional eligibility criteria included a negative urinalysis or urine culture within 2 months of enrollment and the ability to speak and understand English. We recruited only patients that were currently undergoing first or second-line treatments, as defined by the AUA, and who had not made changes in their IC/BPS treatment regimen within 4 weeks of beginning their assigned intervention. First-line treatments include relaxation/stress management, pain management, and self-care/behavioral modification. Second-line therapy involves physical therapy, in addition to oral or intravesical medications. Patients who were treatment-naïve or undergoing third-line or higher treatments at the time of enrollment were excluded. Patients were also excluded if they had unevaluated hematuria, urinary retention, a history of cystectomy, augmentation cystoplasty or urinary diversion, a history of radiation or chemotherapy-induced cystitis, or if they were pregnant or lactating. All patients provided written Continuous variables are described by the sample mean and standard deviation (SD), categorical variables are described by the frequency and relative frequency (%) SD standard deviation, IC incontinence, MSBR mindfulness-based stress reduction, POPQ pelvic organ prolapse quantification No significant differences were noted between groups; p > 0.05 for all t tests and Chi-squared tests informed consent and UNM Institutional Review Board approval was obtained before starting this study (HRRC #14-141), which was registered at clinicaltrials.gov (NCT #02457182). This randomized controlled clinical trial compared two parallel treatment arms. Women were randomized to continue usual care (UC) or to an 8-week MBSR class plus continuation of their current care regimen. Both groups received standardized education, including an educational handout. Participants were randomized to a 1:1 ratio by a computergenerated sequence at enrollment. Allocation was concealed in serially numbered, opaque, sealed envelopes, which were opened upon enrollment in the study. Participants were enrolled and randomized within 2 weeks before enrollment in a MBSR class cycle. Study participants and providers were not masked to intervention; however, providers were asked not to make changes in IC/BPS treatment regimens during the study period, unless specifically requested by study participants owing to a worsening of symptoms. Participants assigned to the MBSR intervention were enrolled in a local 8-week MBSR group course, taught by a certified MBSR instructor who had completed specialized MBSR training and had 12 years' experience teaching MBSR classes. The course was based upon MBSR workshops designed by Jon Kabat-Zinn [16, 17] , the recognized pioneer of this discipline. Participation in the $300 MBSR course was paid for by study funding. The standardized course included seven 2 hour courses at weekly intervals with an all-day retreat in the 5th week. These sessions taught meditation, yoga, and other relaxation techniques. In addition to the classroom training, MBSR participants were given a four-CD guide to meditation based on the previous work of Jon Kabat-Zinn and a book to assist with home meditation practice.
Our primary outcome was the improvement in the Global Response Assessment (GRA) between groups. GRA scores range from markedly, moderately or slightly worse to slightly, moderately or markedly improved. Our secondary outcomes included the OSPI (see above in the first paragraph of this section for a description), as well as a visual analog pain scale (VAS), the Short Form Health Survey (SF-12), which measures patient quality of life, the Female Sexual Function Index (FSFI), which consists of various domain scores and a total score, and the Pain Self-Efficacy Questionnaire (PSEQ). The PSEQ measures how one's coping ability is affected by pain. We powered our study to detect a 50 % difference in the proportion of individuals at least slightly improved between the MBSR and usual care groups. Assuming a significance level of 5 % and a power of 80 %, a sample size of 20 women was needed to detect such a difference.
Demographic data, baseline questionnaires and clinical information including current and previous IC treatments were collected at enrollment. On completion of the 8-week study period, both groups completed all the study questionnaires. Patients completed forms in in the clinic or at an office at the University Hospital. Continuous variables were analyzed using Student's t test and categorical variables using the Chisquared test. Post-treatment GRA scores of the groups were compared using the Chi-squared test. Multivariate analysis of variance (MANOVA) was used to compare changes in the other outcome measures (VAS, SF-12, PSEQ, FSFI) from baseline to post-treatment between groups, and its results were reported using the Wilks lambda test statistic. Significance was set at p< 0.05 and all analyses were carried out using SAS 9.4 statistical software (SAS Institute, Cary, NC, USA ).
Results
Between September 2014 and April 2015, a total of 20 patients were enrolled and randomized; 11 to UC, and 9 to MBSR (Fig. 1) . One MBSR subject was lost to follow-up after randomization and did not attend any classes or answer (Table 1) . Compared with the UC group, more MBSR subjects rated their post-treatment symptoms based on the GRA as being improved (7 out (Fig. 2) . The MBSR group had greater improvement in OSPI total scores (p = 0.05) and OSPI problem scores (p = 0.04; Fig. 3 ). However, changes in OSPI symptom scores did not differ significantly between the two groups (p = 0.12). PSEQ scores had also significantly improved in the MBSR group compared with the UC group (p = 0.04; Table 2 ). Changes in VAS scores, mental and physical components of the SF-12 quality of life score, and FSFI scores did not differ between the groups.
Eighty-six percent of patients in the MBSR group (6 of the 7 respondents) stated that they felt more empowered to control their bladder symptoms following completion of the class than they did before attending the class. Five out of 8 patients said that they felt an improvement in their symptoms after a meditation session. Sixty-two percent of the MBSR group (5 out of 8) indicated that they practiced home meditation after the course, with the same number noting improvement in symptoms after a meditation session. All 8 participants said they would continue to incorporate MBSR into their care plans for IC/BPS.
Discussion
Among women with a known diagnosis of IC/BPS, the addition of MBSR to usual care resulted in greater global improvement in response to therapy (GRA) as well as OSPI total and problem scores and pain self-efficacy. Information regarding the experience of IC/BPS patients with CAM and behavioral therapies has thus far been limited to surveys [9] and observational studies [18] . Our study provides initial evidence that participation in an 8-week MBSR class results in improvement in IC/BPS compared with women using first-or second-line therapies from IC/BPS.
Given these improvements, it is possible that MBSR strategies provide coping mechanisms to deal with IC/BPS symptoms and pain. Researchers have suggested that the root cause of suffering in chronic pain may be attributable to associated helplessness and/or hopelessness [19, 20] . Perhaps the global improvement in symptoms in the MBSR group compared with controls was due to alleviation of some of the hopelessness associated with IC/BPS. The improved self-efficacy scores in the MBSR group suggest that MBSR might diminish perceived helplessness associated with the chronic pain of IC/BPS. As opposed to acute pain, which is related to nociceptive signals at the level of tissue damage, chronic pain appears to be processed in regions of the brain associated with emotion and reward [21] . This may explain why therapies that target the bladder are incompletely effective in many patients. The addition of MBSR or other mind-body therapies to traditional treatments may enhance treatment response as the bladder may no longer be the sole mediator of symptoms in IC/BPS. The known association of IC/BPS exacerbation with stress [14, 22] supports the plausibility of MBSR as an adjunctive treatment for this condition.
Although MBSR has been used to successfully treat other chronic pain conditions, such as fibromyalgia [23, 24] , irritable bowel syndrome [13] , and multiple chemical sensitivity [11] , the use of MBSR to treat IC/BPS is understudied. In a cross-sectional survey [9] , most of the patients with IC/BPS rated both stress reduction and meditation as Bhelpful^treat-ment modalities. Our data provide strong initial evidence that MBSR may be a viable treatment for IC/BPS along with traditional first-and second-line therapies. In contrast to existing treatments, MBSR is a patient-centered treatment that shifts care from time-consuming medical visits to self-initiated care. This empowers patients to address their condition with an intervention that they may be able to self-administer for long-term management.
We note that the quality of life and sexual function of the two groups did not differ after treatment. The lack of differences observed may have been due to the study's short follow-up period or small sample size. It is possible that the improvement of pain, sexual function, and quality of life would not be observed so soon after the intervention. We acknowledge that this study was an initial investigation into the feasibility and efficacy of MBSR therapy for IC/BPS and it establishes a need for future large studies with long-term follow-up to more definitively delineate the role that mind-body therapy may play in treatment of IC/BPS. This study's strengths include its randomized controlled trial study design and its use of patient-centered, validated questionnaires as outcome measures. The MBSR intervention was selected as a standardized CAM treatment option that is increasingly offered throughout the USA [25] . The reproducibility of the intervention adds to the study's external validity. Weaknesses of this study include its small sample size and short-term follow-up, although the large effect size in this smaller study does provide evidence upon which to power larger future work. In addition, this study used a control with a less active or involved intervention. This leaves open the possibility that the improved outcomes in the MBSR group may have been due to the greater attention given to that group, and not something specific to the MBSR technique.
In conclusion, this study provides evidence to support the role of MBSR as a novel treatment for IC/BPS in patients undergoing concomitant first-and second-line therapies. This treatment is a complementary modality that can be incorporated into the care plan of patients with IC/BPS, and should be considered as part of first-or second-line therapy.
